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Towards HL-LHC (2025-2035)

So far
Vs=7-8TeV New interaction region layout
Bunch spacing = 50 ns Crab cavity
Luminosity: L ~ 6 x1033cm™s?, Vs =14 TeV
Pileup u ~ 20 \ LHC injector upgrade
\
\
Vs =13 TeV \
Bunch spacing = 25ns <
L ~1.6x103%cm=s™ L ~2x103%cm=2s™ L ~g5x103%cm™s?
U ~ 40 u ~ 60 U~ 140
LS1 EYETS 14Tev LS3
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injector upgrade
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Keep detector performance at the same level as we have today
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CMS upgrade
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[Sa

Complete Muon coverage

Replace HCAL photo-detectors in Forward
(new PMTs) and Outer (HPD—SiPMs)

LS>2

New 4-layer Pixel detector
improves tracking eff. with lower fake rate

L1-Trigger upgrade

allows much improved algorithm for PU mitigation

HCAL electronics

LS3, considered upgrade
Replace detectors due to radiation damage
Pixel, strip and endcap calorimeters

Enhanced coverage up to n=4

forward : tracker, calorimeter and muon detectors

Track trigger
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ATLAS upgrade

[S1

New beam pipe

-

New insertable pixel b-layer and pixel services

\
[=rsTe s T 18Y0

S

Complete installation of muon chambers

Y
N

L52 Small Wheel |
New Small Wheel (nSW) for the forward muon Spectrometer
Trigger upgrade ™ [oaes
Topological L1-trigger processors o |
Higher granularity Calorimeter L1-Trigger T | | rip Detector B0
Fast TracKing (FTK) for L2-trigger o | | o e
’i—///— r J | l 1==Outer Plxels
LS3, considered upgrade g | R
| T T T I I [ [
New tracking detectors 00 05 10 15 20 25 30 35

Calorimeter electronics and muon system upgrades
Two stage Lo/L1 system from the present L1-trigger.
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Stmulation for HL-LHC

CMS-NOTE-2013-002 ATL-PHYS-PUB-2013-014

CMS

Extrapolated from Runz analysis for 8TeV

scaling signal and background event yields for 14TeV
Use current geometry and assume detector upgrades keep current performance

no attempt to optimize the measurement in order to minimize the uncertainties
Uncertainty

Scenario 1: the same systematic uncertainties as Run 1

Scenario 2: experimental syst. unc. scaled by +/(integ. lumi.), theory syst. unc. reduced by 50%

ATLAS
Full G4 simulation for 14 TeV with <u> = 80 and 140 with the upgrade
Only for H>WW study, 8 TeV sample is used as CMS does
Detector performances for each object are derived and parameterized

generator-level MC sample is smeared by the parameterized detector performance.
object selections are changed from Runi analysis due to pile up

Basically the same as Run 1 for other systematic uncertainties
Uncertainties from data-driven estimates are scaled with +/(integ. lumi.)

In this talk, Scenario 1 of CMS is compared to ATLAS results
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Performance ( y, e, u)

ATL-PHYS-PUB-2013-004  ATL-PHYS-PUB-2013-009

Photon R W
Efficiency 5 e I 1
higgs—yy from gluon-gluon fusion with <u>=80 06| ,
Assuming improved algorithm keep this efficiency at <u>=140 Rl _
Fake photon 02l4" le(pr) = 0.76 — 1.98 X ¢ TGV ]

0

[N IR IR RN SR IR RPN S B
20 40 60 80 100 120 140 160 180 200 220

Di-jet samples with <.>=80 True photonp, [GeV]
Assuming improved algorithm keep this at <u>=140 as well
< 0.007 77— 1 T
EleCtrOn g 0,006 ATLAS Simulation Preliminary E
. S 0.005F- se14 Te =
The new Inner TracKer isimplemented g F % o o
Efficiency is calculated by using Z—ee sample ® o003 ity pleen =93 107 xe T
. . . - 0.002? % i
Fake electron is estimated by using di-jet sample oo % E
Energy resolution is the same as runi performance O —35—d—80— 5018 T3 Tio a0

True Jet P, [GeV]

Muon
The new tracker and the muon system are combined for parameterization

80% efficiency for the isolation is estimated for leptons with p, < 20 GeV
e.g. 90% at p,~ 10 GeV for Run 1 performance.
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Performance ( jet, E;"S)

ATL-PHYS-PUB-2013-004  ATL-PHYS-PUB-2013-009

%104;"|"‘|"'|"w'”|"'|"‘|'§

J e ts - 3 :, : Py z 20 Gz\/ ATLAS I?reliminary j

) S TRy s

EXtrapOIated from d|Jet MC = 102; ig:>60GzV m|<2t_1 scaled to In| < 4.52

Event-by-event pile-up subtraction using jet area method o 10% g

S f =

Jet energy resolution E 1 /

. . Opr 282 . . E _1_ /

u dependence for noise termin 7= \z %, *<* is parameterized é.g 107 =

M=20 : 5GeV > p=140 : 13GeV 107 E

10%% E

Jet p,threshold

. . . . . ’4 111 | 111 | 111 | 111 ‘ | - | L1 | 111 | 1

Determine as 1 additional jet in 10% of the events 10707720 40 60 80 100 120 140

=20 : 20GeV > u=140 : 50 GeV W

' ' 0.1

Jet reconstruction efﬁuency 20 145 A1"LAS‘Siml|JIatio|n Pre‘limin‘ary | ]

-1 i = - = .14 Vs=14 TeV, 25 ns bunch spacing .

Extrapolated from di-jet sample with 4=20 - 40 for u=140 oL1of CODGiels 12,0 = 140,077 "umta)

ETmiSS 0 1; RS . E.esc.oslr?ngsasring ]

L0 ] A Nominal smearing ]

S - , - S X Rescluion down sys :

X E, parameterization making use of Z'—tthar with u=140 008 ;= 2 = Fecbioncomest

- s

Physics process dependence € minimum-bias sample 0.081"4 - E

s : : 0.04, . .
Variation of pile-up noise threshold € x=100 and 200 0.0 8 *

Validation with dijet sample TR s, -

0 50 100 150 200 250 300 350 400

Good agreement can be seen ET'* [GeV]
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Performance ( t-identification, b-tag )

ATL-PHYS-PUB-2013-004  ATL-PHYS-PUB-2013-009

T identification
Leptonic decay
Performance for leptons and £/ are based on the parameterization already discussed.

Hadronic decay
Latest hadronic T identification and Higgs mass estimation algorithm are not included.
Assume that the performance tuned to 2012 data can be maintained

- ; 9 Ol 7 T T T
b tagglng o 0.09E n=0.2 ATLAS Simulation Preliminary 5
he multivariate t MV T osh E
The multivariate tagger MVa 3 oo0sE ITK u=80 E
impact parameter E 0.07F — ITK n=140 E
secondary vertex 006 — ITKn=200 e
o0st T ES S

Monte-Carlo - 03
tthar at 0.04F / A=

r =1 E o0 3

arat #=140 0.03g . S

b-tag eff. and mis-tag rate are affected by g 0oz 2 E

. e e P
primary vertex misidentification 0.01__ =
contamination from pile-up tracks 0= 700 150 200 280 300

increase of fake tracks Jetp_[GeV]
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Properties of higgs

Individual channels
vy, ZZ, WW, tt, bb, uu, Zy and self-coupling

Combined analysis

coupling, coupling ratio
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higgs — py

CMS-NOTE-2013-002 ATL-PHYS-PUB-2013-01 ATL-PHYS-PUB-201

Currently ~25% uncertainty on u, signal strength ratio to the SM prediction
Measurement of each higgs production will be possible.

e | tth-10

E L ATLAS Simulation Preliminary i

-1 0 ' . ~ L _

At 3000 fb*, CMS expects 8% uncertainty for scenario 1. S e

The same selection for objects as Run1 g b If*;;_m"kg“’“”““ i

i Pty .

200(— ¥
ATLAS expects 10% uncertainty with theory unc. ' '
Selection for two isolated photons 200 . Background subtracted events|
Signal Fit
one photon with p, > 40 GeV and the other with p, > 30 GeV ottt ip et T e P
- . 100 120 140 160
Additional selections for each category; m,, [GeV]
tth : ~20% precision can be achieved R
P AL/t (%)
category | # of Jets | # of lepton Total || Statistical | Experimental | Theoretical

ttH >1 10r2 \my-m,| > 15 GeV for 2 lep - fﬂ J_rB J_ri J_FH
WH oori 1 - 3? 3(1) i}; J—rslso
ZH . 2 my-m)| < 15 GeV - | 3 e : e
ggF oor1i —— fiz i; f{ f}?;
VBF 2 An; >4 and m; > 400 GeV ==> | 5 N i 3
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ATLAS Slmulatlon Prellmmary 1
d [ L=3000f6", 15 = 14 TeV 1

[ ttH-like category

Entries/1GeV

higos — 27 — 41

- BVBF ttH A

E IWH z E

CMS-NOTE-2012-002  ATL-PHYS-PUB-201 g ]
goF

2F Background .

Currently ~25% uncertainty on u

1 ]

Measurement of each higgs production will be possible. : iy TR
060 105 110 115 120 125 130 135 140
At 3000 fb?, CMS expects 7% uncertainty for scenario 1 5 1o B at
. . 8 imu atlon re |m|nary ]
The same selection for objects as Run1 g 10 J Lesooot, vs = 14Tev 4
= [ VH-like category
. G 8- pvBF —:
ATLAS expects 10 % uncertainty i ZVH :
- gl ]
Selection for 4 leptons - 5
Almost the same selection as Runi i
2r
80% efficiency for isolation is assumed for leptons with p, < 20 GeV i _T__.-'-" I'——- "
e.g. 90% efficiency for the isolation at p, ~ 10 GeV for Run 1 performance foo-i6s 10 115 120 125 13043[2;3]0
Additional exclusive classification following the order: 3 SO'ATLAss.Fulat.on Proiminary
= L L=3000fb™, \ 14 TeV 7
at least 1 b-jet + 1 lepton or at least 4 jets . tth 54% 2 22% 8 25; VBF-like category T ]
{20 gvBF VBF{

r BWH

2 leptons with M, or 1 lepton with p, > 15 GeV : Wh/Zh 107% = 39%
at least 2 jets with Ay > 3 and m; > 350 GeV  : VBF  63% 2 37% ] i

- fggF
everything else . ggF  15% > 13% 10 koo

5

From 300fb™ to 3000fb?, a factor of 2-3 improvement is expected

S = e I N N S P
‘POO 105 110 115 120 125 130 135 140
m,[GeV]
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hlggs — WW — lvly

Next steps in the Energy Frontier - Hadron Colliders

ATL-PHYS-PUB-201

Currently ~25% uncertainty on u

At 3000 fb, CMS expects 7% uncertainty for scenario 1

The same selection for objects as Runa

ATLAS expects ~10% uncertainty

Contribution for ggF and VBF production are investigated

extrapolated from reconstructed events in 8TeV MC samples

parton distribution function reweighting

emulation of the ATLAS detector in the high pile-up environment s

Jet thresholds tuning for pile-up and ttbar increase
ggF
Njet =0
Jet p, > 35 GeV
VBF
Njet > 1
Jet p; > 45 GeV
veto central jet p, > 30 GeV

Events / 10 GeV

Events / 20 GeV

80 F
70

60

50 F

40
30

20
10

600}

500~

400

300f

200E

100

x10°
R B e e S B T e B Bt
= ATLAS Simulation Preliminary m ww EI f)mervv

\s=14TeV,[Ldt=3000fo" [t [0 SngeTop 3

B zy [ W+jet 7
H->WW*—evuv/pvev + 0 jets B ooF [125GeV] J

S——ggF

250 300
m; [GeV]

|
100 150 200

LI B B B S B

[ ATLAS Simulation Preliminary m ww Elg’l\ﬂ W

E \s=14TeV,|Ldt=3000f" [J [ SngeTop
Wz [ Weet

W oooF OJ wof

<€— VBF-

H->WW*—evuv/uvev + > 2j

250 300

L
200

50 100 150

my [GeV]
MggoF MVBF  MggF+VBF

300 fb~! | 17018 g0 0l

3000 b~ | 17016 1015 1+0.10
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higgs — 11

CMS-NOTE-2013-002 ATL-PHYS-PUB-201

Currently ~30% uncertainty on u

At 3000 fb%, CMS expects 8% uncertainty for scenario 1
The same selection for objects as Runa

ATLAS expects 19% uncertainty

Currently Cut-based analysis
will be updated by MVA analysis
Using only 2 channels
VBF higgs — 1t — {(

Using parameterized performance for lepton and E s
VBF higgs — 1t — th

Used hadronic tidentification did not include latest algorithm

Other channels such as boosted categories and the Vi channels have not included yet.

Au/u 300 fb~! 3000 fb~!
All unc. | No theory unc. | All unc. | No theory unc.
H — 77 (VBF-like) 0.22 0.16 0.19 0.12
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Currently ~50% uncertainty on u

At 3000 fb?, CMS expects 7% uncertainty for scenario 1.
>

The same selection for objects as Runi § zzzgg: égﬂ%nisn aSrimeT'aﬂon f:
§ o a0 S
ATLAS expects 19% Do f@ i
Wh — £vbb and Zh — £Lbb sooof- g 3
2 b-jets zzggzb ,,,,,,,,,, WH-> 8vbb;
leading jet p, > 60 GeV (45 GeV for Runi) 10000F- (NG
sub-leading jet p, > 40 GeV (20 GeV for Runa) O o
o or 1 extra jet Myo [GEV]
pr> 30 GeV (20 GeV for Runi) (E) é;re;ﬁi;ﬁqis[n as;;mmaué ' ' §é%§sh‘i =
Further improvement can be possible at 3000 fb™ % ::Z_ v 21 20 1 2 20001 E%‘éf’ :
multivariate analysis i 1500§ =12ty
jet calibration (global sequential calibration) ; ZH- 22bb1
b-tagging : split into several categories 1000;“_ E
—> uncertainty on u of 14% can be achieved E

50 150

Zh — vvbb channel can also be included. M, [GeV]
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higgs — pu

CMS-NOTE-2013-002 ATL-PHYS-PUB-201

Current limit 7 times SM : Chance to measure coupling to 2" generation fermion

310" F ATLAS Simulation Preliminary T
. . ) E 3
At 3000 fb*, CMS expects 24% uncertainty for scenario 1. 2 1°¢ Mmoot WH—mm ey 3
The same selection for objects as Run1 g 10°¥ . E
Lﬁ 107 & = WW- pvuv
ATLAS expects 21% uncertainty 10°F
- - - . 5
Z/y— pu is the main background for this analysis 104
10
Consider improved resolution and isolation efficiency '
3000 fb?, sensitivity is still statistically limited 10755500120 140 160 180 200
m,, [GeV]
L [fb71] 300 3000 - -
Signal Signiﬁcance 230 7.00 § 700? ATLAS Simulation Preliminary_é
Au/u 46% 21% 5 SoF \s =14 TeV “H E
¢ 5001 [Ldt=3000f0"
tth — uu category is also investigated e
At least 4 jets 300;
33 signal and 22 background 200
100
Almost comparable sensitivity compared to yy and ZZ -
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higgs — Zy — tly (I =ep)

CMS-NOTE-2013-002 ATL-PHYS-PUB-2014-006

h — Zy and h — yy are possible only through loop, which is sensitive to new physics

For 125 GeV Higgs, Br(h—Zy—{{y) =1.1 x10% , e.q. Br(h—yy) = 2.3 x103

Main background from gqg — Zy, which is almost back-to-back reaction

10000~ T T T T T T T T T —

8000— —

In some models, Br(h—Zy) and Br(h—Yyy) are not correlated
Combined analysis can give information on new physics

Events / GeV

eoooE— jﬁ::;:; " :2::;?;:?(1 :
Charged scalar boson c srony it
other electroweak singlets / triplets [ A" oz, Z-is ]
At 3000 fb?, R SRRSO E
CMS expects 24% uncertainty P HJ{ HJHHHLHHHH_
Atlas expects 30% uncertainty I +

(Events - Fit) / GeV
n
8

we
100 4 -l—
+++++++++++£

120 122 124 12‘6 128 130 132 134 136 138 140
my, [GeV]

Sensitivity is still statistically limited
factor 2 improvement from 300 fb is possible
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higgs self-coupling

Only way to investigate the higgs potential

deviation from the SM expectations are hint of new physics

Small cross-section at M,=125 GeV, o = 40 + 3 fb

Destructive interference between two diagrams:

g ) g £ b h/‘,
t7b h// - L
4 1000 |
t,b --- 4« — t,b t,0 [
h N h '
t,b AN T~ 100 |
g ) g t,0 ho |

It is likely that we need to combine all branches 0l

hh—bbWW
hh—bbyy 1

If A, could be o or negative value, 01l

Cross section increases by more than factor 2

Studies for many channels have been investigated.

o(pp — HH + X)) [fb]
\: 14 TeV, NI” 125 GeV -

gg — HH
| qq" —+ HHqq'
- qq' — WHH .
t qq — ZHH

-1 0 1 3

SM
\HHH \mm
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Signal strengths : y=c/c,,

ATL-PHYS-PUB-201

HL-LHC can reach accuracy ~ 10% on u
CMS

Scenario1: same systematic uncertainties as in 2012

ATLAS

hashed area shows theory uncertainty.
not contain new bb, Zy or yy (VH,ttH) projections *

ATLAS Simulation Preliminary
s =14 TeV: : [Ldt=3000 b

H—pp (comb.) .5

H—tt (VBF-like) -5—5}55

H—> ZZ (comb.) gu. ..
I.::::

H— WW (comb.) .:

—15

T

(comb.) .'E'S'E'i

o 0.2 0.4

* H— Zvy

H—yy

Au/p

A factor of 2 improvement can be expected.

CMS Projection

| v T T T T T
Expected uncertainties on 300 fb" at s = 14 TeV Scenario 1
Higgs boson signal strength — 300" at fs =14 TeV Scenario 2

Hoyy

H-> WW }

-1
300 fb

H—-2Z

H— bb -

Ho1tt

) ) ) - ) ]
0.00 0.05 0.10 0.15

expected uncertainty

CMS Projection

T - -
Expected uncertainties on
Higgs boson signal strength

Hoyy p———-—-v—i
H - WW i
H-»2Z |————--
H-obb |——vo-—qi

Hott |

I
3000 fo" at 5= 14 TeV Scenario 1
= 3000fb"at {s= 14TeV Scenario 2

3000 fb*

000 0.05

T
0.10 015
expected uncertainty
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Couplings

ATL-PHYS-PUB-201

9 different coupling scale factors
Tree level
K Kz, Ko Koy Ky, K
Loop induced

Kyl Kg , KZy

Total width I'}, is assumed to be sum of SM widths
assume no new invisible channel
higgs—cc is 5% unmeasured contribution

CMS : Assumed to scale with bb

ATLAS : Assumed to scale with Tt
since higgs—bb prospect was not ready at that time
not contain new bb, Zy or yy (VH,ttH) projections*

300fb* =2 3000fb

8>6
624

826
625

112> 7 *
825

ATLAS
CMS

1329

725 1327

Next steps in the Energy Frontier - Hadron Colliders

CMS Projection

I o I | ' |
Expected uncertainties on F—1 3001t a Vs =14 TeV Scenario 1
Higgs boson couplings F— 3C0ft" & fs =14 TeV Scenario 2
Ky
X { -1

. 300 fb
Kz !
Kg
Xpb
Kt
KT
M [ P L
0.00 0.05 0.10 0.15

expected uncertainty

CMS Projection

22210

15210

1 T T | T
Expected uncertainties on F— 2000b" at 5= 14 TeV Scenaro 1
Higgs boson couplings — 3000fb" at f5= 14 TeV Scenaro 2
K, [—+—

Kw — i

K, p——— -

’ 3000 fb?

KD

Kt

K
. - l R

0.00 0.05 0.10 0.15

expected uncertainty

18215 23211 79>30%
825 2328 40212



CMS Projection

— —TT
Expected uncertainties on

]
— 300 fb"at fs =14 TeV Scenario 1

1 300 b at Vs =14 TeV Scenario 2

300 fb

L L

’ ’ ’ ’ ' Higgs boson couplings ratios
. l ]
Kg® KZ/KH 1 1
O 0 00 A P PUB-20 0 Ky /Ky f 1
. . . Ky / K7 ;
Several experimental syst. cancel in the ratios o, —
ATLAS Simulation Preliminary K/ Ky t {
\s =14 TeV: [Ldt=300 b ; [Ldt=3000 fb’* % /% ' i
e
K/ Kg
—%00 005 010

CMS Projection

. I Il
0.15
expected uncertainty

Ex‘peclted‘ uncert‘aint]ies[on — SO(I)O fb"‘ at vlgz 1L1Te\/| 3cel.ano1
Higgs boson couplings ratios [— 3000 b at {5 =14 TeV Scenario 2
Kge KZ/KH IS E—
o 0.1 0o 0=R Kl
MXY=A< ¢ Kyl [
*not contain new bb, Zy or yy (VH,ttH) projections v, |——t— 3000 fb2
HL-LHC can reach accuracy on coupling ratio ~ 5% | " [~
ISZA T a—
could reach a few % precision even for fermions /% —
L L T N I R T R
- 0.00 0.05 0.10 0.15
3 OO_fb ! 9 3 OOOfb expected uncertainty
ATLAS 6-2>5* 5§=>3* 1127 1226 * 13210 2229 1827 78-2>30%
CMS > 723 825 925 1125 924 2328 1428 42212
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What we can exploit from higgs coupling

Composite higgs

Additional electroweak singlet

2HDM including MSSM
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Composite higgs

ATL-PHYS-PUB-201

Minimal Composite higgs Models S T
. . . X BestFit * Standard Model 300 fb-1
Another possible explanation for the naturalness problem ;5 %"y o heew

Characterized by v=246 GeV and compositeness scale, f; 12

é::UZ/fZ 1.1

'co IIII|IIII|IIII|IIII|IIII‘II\IlIIIIl\\

1
MCHMy4 : k=ky =kp = 1 =& 0.9
. . . 0.8 ATLAS Simulation Preliminary__
Couplings to vector bosons & fermions modified from SM o 10 Tew, [Let-2001"
w 47| T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T | T T T | T T T \7 0- : ‘ : : : L | L L : : ‘ : : L L | =
“ [ ATLAS Preliminary . su X Bt ] 6 0.95 1 1.05 1
- Vs=7TeV, [Ldt=-46-481b" . Ky
3 ,‘ — Obs. 68% CL == Obs. 95% CL |
T Vs=8TeV,[Ldt=2031b ]
2: Combined h—> yy,.ZZ* WW* rtpb ~ EXP-68%CL =7 Exp. 95% CL 7 . .
r ] * 1.4F X BestFit * Standard Model -
r B E — w/ theory - w/o theory E
17 ] 13__ J— % J— % - -
= : - 68% CL 95% CL 3000 fb 1]
B ] 1.2 =
0= - C ]
B ] 1.1 —
S Su— - 13 E
C 1 Il 1 Il ‘ 1 Il 1 Il ‘ 1 Il 1 Il ‘ 1 Il 1 Il ‘ 1 Il 1 Il | 1 Il 1 Il | I Il 1 1 7 : :
0.7 0.9 1 1.1 1.2 1.3 1.4 0.9 =
K - .
](< 710 GeV |S eXCluded (95% CL) v 0.8F ATLAS Simulation Preliminary_:
r Vs=14TeV, ILdt =3000f"
0.6_ | | I I | I | I I I I | 1 I I I -
. . 9 0.95 1 1.05 1.1
Stringent test can be achieved at HL-LHC )

\
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Additional electroweak singlet

ATL-PHYS-PUB-2013-015

The simplest extension to the SM higgs sector

providing a possible answer to the dark matter problem
EW singlet field is added ( two CP-even Higgs bosons, 2 and H)
Coupling for the new EW singlet, x’, can be obtained with signal strength x for SM higgs;

2
K= =1—pp

ATLAS Preliminary EW singlet o
observed 95% CL upper limit of k"< 0.12 5=7TeV: Lt =4.64.8 b Obs. 95% CL o
{s=8TeV: |Ldt =203 b = = == Exp.95% CL o
Combined h — yy,ZZ* WW*ttbp = = SM j
g 1; ;: WA AR U R B R L R A A U Y LR B A L O
S 0.9FRS N
1 itivi o 0.85|\N L
Achievable sensitivity 5 o5 2

0f - ici 0.6F
~15 % : Current precision on 0.5¢ O
3.2% : 300fb? g-gg 2
3 <
2.5% : 3000 fb? 0.2¢ -
> 3 0.1F <

of

If theory unc. is significantly reduced, HL-LHC can search k" down to 0.016
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2HDM including MSSM

CMS Preliminary, H-tr, 49fb"at 7 TeV, 19.7 fb™' at 8 TeV
T ™

T — — ™ T
[ MSSM m;™ scenario Msysy =1 TeV

SM higgs sector is extended by an additional doublet j ot
Large deviation of the coupling is predicted 1k .
Depending on CP-odd Higgs mass, m , , and tanf 0 200 S0 w00

< 140 GeV is excluded by di h oo
m, eV Is excluded by direct searc CMS-PAS-HIG-13-021
m <400 GeV is constrained by the higgs coupling measurements

Assuming simplified MSSM 0.8 g

e 10— SN : A
g i E - g
g s 9 ATLAS Preliminary E 0.6 o
; 8 . = L 0
< Is=7TeV, | Ldt=4.6-48fb E s P
5' 7 is=8TeV, J. Ldt =203 fb” 3 P> i >
o 6 | . 4 > 04} 3
LL Combined h — vy, ZZ*, WW*, 11, bb 3 \_0 I 0%
z 5 = .
e) Simplified MSSM [ky, Ky, K] 3 g’ g
O 4 E =
UI') 3 ===Exp. 95% CL —Obs. 95% CL E 02 i o
< 3 !
< 1 = - € 5%
n® ) . O B ol s st e 0.0
800 300 400 500 600 700 800 900 1000 200
m, [GeV] ma (GeV)

Even m, with 800 GeV makes +5% deviation for the down-type fermion
the vector bosons and the up-type fermion have negative deviation (-1% ~ 0% )

Taking the ratio, e.q. k,/k,, with a few % precision can probe this !!
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2HDM including MSSM

CMS PAS FTR-13-024  ATL-PHYS-PUB-2013-015  ATL-PHYS-PUB-2013-016

o T T T T T T T T T T T T T T T T T T T T T T T T
ATLAS Prefimi 8 ? 4— Expecteld 95% CLlelt I |ATLAS Slmulatlon Prellmlnary—
- 2HDM Type Il reliminary [ © - HDM Type Il =
CoS (ﬁ a) V'S' tanﬂ —0):::95%CL \s =7 TeV: fLdt = 4.6-4.8 b j = 3.5 on2 ______ ype- Lat = 300 fb-™ AIIunc‘s 14 Tev 7
X Bestfit \s=8TeV: [Ldt=20.3 fb" g [l S Ldt =300 fb™: No theory unc.
— . - === Exp.95% CL Combined h — y7,2Z*WW* P S fb": Al Al
- Sln(ﬂ_a) :Mp e h—’rlr,bs E fb 3 igi gggg b NoL:::ory unc. 8
7 \ oo T F e = o
cos(f-a) at tan p ~ 1 S 3 Q == \ =
| = v 1 ] \ = o
wn e \ o i
current limit  : 0.2 S 2 = —5
|_ = x DiE— \ \:- ." o —
1 . 1 <C 5E = $ | i = ]
- at 300fb?: 0.06 g = —— =
] 1= ' 5 E=
- at3000fb? : 0.04 - = a- -
Y ="t
c s, e =
oAl 3000 fbt Tk e ==
- 0&0604’020020400280“?“)1 -0. 08 006 004 -0.02 0 0.02 004 006 008
. . cos(f - o)
For low tanf region, heavy higgs search H — ZZ — 4¢
provide complementary sensitivity to coupling studies
CMS Slmulatlon 2013 Vs=14TeV L=3000fb"" 5 10— R
100F T = E ATLAS Prellmlnary Slmulatlo_p___ S E
50r ? : I L C_it_§3_000 fb \s=14 TeV Expected CLs :
INEER = 16 =
# £ gluon-fusion 2o 3
10} Lz . el ExpectedJ.Ldt=300fb":
S 5t i - . ]
o) QL _
kS 6 E. E
A e ]
10" e R 3
—05% CL exclusion . E
zZZ 5o Significance r ‘
my = 300 GeV Allowed (couplings) - al
: : ; . 21 AN BT | ISR TR B
-0.15 -0.10 -0.05 0.00 005 0.10 0.15 10200300 400 500 600 700 800 600 1000

cos(B-a) m,, [GeV]
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27/32

Direct BSM searches related to higgs

BSM in vertex of higgs — ZZ — 4¢
higgs — invisible
lop — Charm + higgs

Vector boson scattering
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BSM in vertex of higgs — Z7 — 41

CMS-NOTE-2013-002 ATL-PHYS-PUB-2013-01

CMS and ATLAS have investigated presence of BSM in vertex

Strongly favor JP=0* SM quantum numbers
General amplitude of interaction between a spin-o boson and two spin-1 gauge bosons:

2 o /3 :k.“ 251\/
A(X _>VV) ~ (alMXg,uv + d, (ql + qZ).u (ql + q2)v + aSS;wa/Sql q> )81 €,
CP-even:SM Higgs CP-even: BSMin loop CP-odd : BSM boson

Relative coupling strength to standard model
Current limit for CP-odd BSM boson: a; < 0.58

300fb* = 3000fb™
o 3_“ “““ T T T T T ] o 3"‘;'“"“"“I"‘\“"\““I“"\"_
< ri ] < Fo ATLAS Simulation ]
2:, E zi Preliminary ]
; ATLAS Simulation | E
1} Preliminary ] 1E B
0; ! E o 3000 ™" 68%-95% CL]
o 3000 fb": 68%-95% CL 1 Eo 300 fb™": 68%-95% CL|
ATLAS 0.299 0.12 0.15 - 0.037 £ 300 fb™: 68%-95% CL F 1
TN E e ]
CMS == 0.13 = 0.04 2f e 1 4 E
o h 8D Fit F .
Bl e A F o : 8D Fit
. . 0 ] ] ] 0.4 05 B e I I B S I B
Factor 2-3 improvement with HL-LHC 3 0 0.05010150202503 O'Sf
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higgs — invisible

ATL-PHYS-PUB-2013-01 ATL-PHYS-PUB-201

Current limit : Br(higgs—invisible) < ~70%

Zh — €€ + invisible / VBF h — invisible can directly search this BSM decay
SMinvisible decay : Br(higgs—ZZ—4v) = 0.12%
One of the possible candidates for invisible is dark matter
Complementary search can be achieved by summing up all the higgs coupling measurements

At 3000 fb7?,
CMS expects to search Br(higgs—invisible) ~ 17% as scenario 1.
Atlas expects Br(higgs—invisible) ~ 16%

E ;"5 threshold

. . &

Z+jets background drastically increases in the lowest £,/ bin  §

the highest £, bin has the best sensitivity é}gii
(0]

1097E T — T T Ty
Higgs Portal model for ATLAS

ATLAS 32%-> 16% 28% > 15% 10
CMS 28% > 17% 18% > 11% S

ATLAS Simulation Prellmlnary—
Higgs coupling combination 5
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Top — Charm + higgs

ATL-PHYS-PUB-2013-012

Flavor changing neutral current appears in 2HDM for example
SM FCNC decays is GIM-suppressed, 3 x 107%5.

t .
{
——— h 7
Br(t—c+higgs) 1.5x103 4.1x105  ~107° 107 3X107% \
Cc

2HDM without explicit flavor conservation, TypeIIl, predicts large FCNC, 1.5 x 1073.
Same coupling for up-type and down-type quarks
Different coupling for leptons g 15{

Ldt=3ab", Vs =14 TeV ATLAS Preliminary

— Expected, tight jet P, cuts
.= «: Expected, tight jet P, cuts, conservative bkg

....... Expected, loose jet P, cuts
.. = Expected, loose jet P, cuts, conservative bkg

Object selections

..
e, v
10 - .

the same as the analysis for Runi

‘.
.
-
.
S
.
.
.
.

Discriminant variable is yy+jet invariant mass

‘e
.
.
*e
.

-
e
[N

-
o-

@
- = T 1 IIIIII|

Expected limit at HL-LHC
Br(t—c+higgs) = 1.7 x10™* can be reached

1 1 1 1 1 1 ""I 1 1 ’.'.l I 1 1 1 ...7
1.5 2 25 3
Br(t — cH) (x10%)
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Vector boson scattering

CMS-PAS-FTR-13-006 ATL-PHYS-PUB-2013-006

Higgs preserves the unitarity of scattering amplitudes in W, W, scattering

v v w. W
Z, S , W, W b, K
W, swoowg woooy a v mw
_ “, o ?\/\/\/\/\,ﬂ\/ ‘ 5 1 N
-_— SN Y.z + R 5 h
oz Ty %J\wvw w K Ky h 4 w .
ws L w w 5 1, 3 7 w WN
\Y <& L < K A = ?
\' w Cw we Lw

300fbis sufficient for 5o observation for SM electroweak scattering
Anomalous quartic couplings have been investigated in WW, WZ and ZZ scattering.

" F
(0] F . - %] T %) T T T T T T —T
-% 3500:_ ATLAS Simulation Preliminary . VBS ssWW (SM) 2 450 ATLAS Simulation Preliminary . VBS WZ (SM) 2 ATLAS Simulation Preliminary . VBS ZZ (SM)
- 1 . - -
w E J. L = 3000 fb % MVBS ssWW + o 400 J L = 3000 fb' 22 SMVBS WZ + o L = 3000 f5' o SMVBS 22 +
3000 7777t =10TeV a0 7 f1,=1.0Tev* 7 Cyu=15TeV?
E SM ssWW QCD
25001 300 W vBs wz sw) SMzz acD
2000F SMWZ + mis-ID 250 i SM WZ QCD
1500 200
1000 ; 150 i
f -
500 50
- L L L ] [ N a n
1 2 3 4 5 06 07 08 09 1 0.2 0.3 04 05 0.6 0708 1

my, [TeV] my, [TeV] m,, [TeV]

50 discovery sensitivity (300fb* = 3000fb?)

ATLAS 10TeV*% - 4.5TeV4 1.3TeV4->0.6TeV4  34TeV2 > 16TeV2
CMS 1.0TeV+4 = o.55TeV*
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Conclusion

ATLAS and CMS upgrades are intended to keep the same performance as Runi

Coupling measurement at HL-LHC will be 2 times more precise than with 300fb

Gauge bosons : a few percent level Strict test for composite Higgs,
Need theoretical improvement for further precision additional singlet/doublet
including MSSM and generation

Fermions including higgs—uu : around 10%
There is room for improvement on flavor tagging, jet energy calibration, background modeling and so on

higgs—Zy : around 30%

This channels provide us complementary knowledge for new physics in loop
higgs self-coupling : study on going
If something strange happensin 4,,,, production cross section could be enhanced very much.
Direct search for BSM related to higgs
BSM in vertex of higgs — ZZ — 4¢
higgs—invisible complementary to coupling measurement
FCNC search via Top—Charm + higgs

Vector boson scattering

Thank you !
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